The wine production process has a high energy demand of about 1,750 million kWh per year in the EU. Saving energy, responsible consumption and efficient use of energy sources are key aspects to consider for the competitiveness and viability of the sector. Therefore, the TESLA project (Transfering Energy Save Laid on Agroindustry), funded by the European Commission, has conducted 39 energy audits in wineries from four countries (Spain, France, Portugal and Italy). The information collected has allowed them to carry out a comparative analysis of energy efficiency measures through a technical-economic study, calculating the period of return on investment and performing a sensitivity analysis to determine the break-even point for each of the investments analysed. The results show that the replacement of chillers by more efficient ones, the installation of variable speed drives on pumps, the introduction of management and control measures such as the implementation of a Building Management System (BMS) and the installation of energy analysers for identification of consumption by use are the measures that have the greatest quantitative impact.
INTRODUCTION
Vine-growing and wine production is an essential economic and labour intensive activity and plays a major social-economic role for many Member States and regional economies, and for the EU economy as a whole. Wine production represents approximately 10% of agricultural production in countries like France, Italy, Austria, Portugal and Spain (CEEV, 2014 ).
The energy consumption in wine production in the European Union is approximately 1,750 million kWh per year (500 million kWh in France, 500 million kWh in Italy, 400 million kWh in Spain, and 75 million kWh in Portugal), with electricity as the main energy source (over 90%) (Fuentes-Pila and García, 2014) .
Given the high energy consumption that the current wine production process demands, saving energy, responsible consumption and efficient use of energy sources are key aspects to consider for the competitiveness and viability of the sector. The importance of energy efficiency and saving measures is manifested in the need to reduce the energy bill, restricting foreign energy dependence, and reduce the emission of greenhouse gases (GHGs).
In this context, many authors have focused their efforts on improving the energy efficiency of wineries through the study of the buildings used therein, to reduce consumption in air conditioning. For example, Mazarrón et al. (2012b) and Benni et al. (2013) , compare the efficiency of different building designs. Other authors study a particular building design, such as aboveground wineries (Mazarrón et al., 2012a) , basement constructions (Mazarrón et al., 2013) , underground constructions Canas, 2008, 2009; Canas and Mazarrón, 2009; Tinti et al., 2014 Tinti et al., , 2015 .
However, the efficiency of the building design is not the only method for improving the energy efficiency of the wineries. Thus, energy savings in specific stages of the production process can be achieved, such as fermentation (Neves et al., 2013; Celorrio et al., 2015 Celorrio et al., , 2016 ; through the design of airconditioning systems with high efficiency (Wei et al., 2014) , through the incorporation of renewable energy sources (Smyth and Russell, 2009) ; by reduction of the infiltration rate (Hejiang and Qingxia, 2014) , among others.
Sustainability and environmental aspects are also considered by several authors (Forbes and De Silva, 2012; Point et al., 2012; Pomarici et al., 2015; Iannone et al., 2016) , as the economic performance of companies in the sector (Alonso and Northcote, 2010; Sellers-Rubio, 2010; Simon-Elorz et al., 2015) . Other analysed aspects related to energy efficiency of the wineries have been the size distribution (Cyr et al., 2012) and the layout design .
Although the numerous studies that analyse the energy efficiency of food industries (Martinodotnez, 2010; Gaspar et al., 2014; Lijun, 2014; Miah et al., 2015; Rodríguez-González et al., 2015) , there is no evidence of any publication that focuses on wineries. Therefore, this paper analyses energy efficiency in different stages of wine production, quantifying the profitability of implementing measures for its improvement. In the sector of wineries, in particular, the TESLA project has conducted 39 audits in the four countries involved (TESLA project, 2014; TESLA project, 2015) . This information has been joined to the 8 energy audits and 20 energy diagnosis in wineries of Spain in a previous project (CO2OP project, 2011), also led by Spanish Co-ops. The energy diagnosis carried out were simpler studies of the installations and production process; a typical audit of the CO2OP project was performed during one month, and an energy diagnosis in only one week.
MATERIAL AND METHODS
The methodology is based on data from energy audits. From them, critical points of high consumption and potential improvement have been identified, evaluating and proposing measures to improve energy efficiency. The proposed measures are based on replacement and acquisition of equipment that is more efficient as well as improving management and control.
For a reference installation of the four countries (France, Italy, Portugal and Spain), the following general average values can be considered as a reference for the production of red wine (without ageing process), which is the most common type of production (Fuentes-Pila and García, 2014):
Size of industry, around 30,000 hl of wine per year;
Power consumption around 330,000 kWh/year; Ratios of electricity consumption/production and thermal consumption/production about 11 kWh/hl wine and 1 kWh/hl wine, respectively; Prices of electrical and thermal energy, 0.12 €/kWh and 0.07 €/kWh, respectively. These values are an average considering the reference winery (it is, for red wine without ageing). The collected information allows one to calculate the average rates of energy consumption of a reference winery from the four European countries involved. The reference winery is a cooperative dedicated to the production of 30,000 hl/year red wine without ageing processes. The winery also includes the offices of the cooperative. The winemaking process is described in Figure 1 . An energy audit has enabled an inventory of existing equipment in the winery, identifying and characterising 296 electrical devices grouped into 63 different types. In all the analyses a reference winery of 30,000 hl/year has been used. Data from this reference winery has been profiled using information obtained from the energy audits analyses for the audited wineries, adjusting the equipment power of these wineries to the average of corresponding electrical power distribution (Figure 2 ). In turn, the electrical devices have been grouped in the main stages of the production process (reception, pressing, fermentation, filtration, storage, bottling and shipping, auxiliary activities and administration/office management), giving each device an operation time according to a productive process based on the data in energy audit.
Based on the energy audit carried out, series of energy saving measures (ESM) were identified for the analysis in the reference winery. For each ESM, a technical and economic feasibility study was conducted. To do this, it has been necessary to calculate potential energy savings and determine the investment and the lifespan of the measure. Various sources have been consulted, including the product catalogues of some commonly known manufacturers such as Daikin/CIAT/Lennox (chillers), Schneider (capacitor batteries and variable speed drives), ABB (electric motors), Ecoforest/Waterkotte (heat pumps), Enerlum (LED lighting), Circutor (energy analysers). There has also been the collaboration of engineering and consulting firms for the integration of a Building Management System (BMS). 
Distribuição do consumo de energia por tecnologia para uma adega representativa (% do total).
The feasibility of measures was defined based on widely used profitability indicators: NPV (Net Present Value), IRR (Internal Rate of Return) and Payback. A discount rate of 4% (average rate of the last five years of the Spanish 10-year government bond) was used.
Under the baseline scenario, a sensitivity analysis was made, quantifying the profitability with changes in critical parameters, and determining the threshold of profitability, specifically for:
Changes in investment cost, Changes in estimated saving, Variations of the useful life of the equipment, Variations of the discount rate, assuming a change in economic conditions that implied a change equivalent to that variation.
Sensitivity analysis allows one to extrapolate the results obtained in the reference winery to other scenarios, adapting the results to the specific characteristics of each winery.
RESULTS AND DISCUSSION

Energy analysis of the current situation
For the reference winery, data from energy audits has allowed one to characterise the energy consumption of the winery. Energy consumption has a high seasonality, with the highest consumption peaks in the months of August, September and October, coinciding with grape harvesting period ( Figure 3 ). 
Consumo de energia eléctrica ao longo do ano para uma adega representativa.
Energy consumption distribution ( Figure 4) shows that the process involving the highest energy consumption is the fermentation followed by storage, bottling and shipping and pressing phases.
Within the production process, the equipment involving the highest consumption is the cooling equipment used in the fermentation process and pump/electric motors used in the phases of fermentation, storage, bottling and shipping ( Figure  2 ). 
Balanço de energia (diagrama Sankey).
Proposal of energy efficiency measures
Based on the energy audit, a series of energy saving measures that were studied in the reference winery have been identified, involving the introduction of new technologies, replacing equipment with more efficient and improving management and control. The measures studied are described below.
a) Measures that could generate significant savings by replacing key elements of the production process
ESM1. Fermentation chiller replacement.
The fermentation process is the one involving the highest electricity consumption in wine production, so it should be the first measured to study. The performance of an old cooling equipment (measured by the Energy Efficiency Ratio, EER), can be much lower than that of a modern one, so its replacement can generate large annual savings.
ESM2. Installing variable speed drives (VSD) in centrifugal pumps.
VSDs help to decrease power consumption in centrifugal pumps that are coupled, resulting in significant reductions in operating costs. A VSD is based on the rotational speed control of alternating current motors through the supply frequency control, allowing its soft start and stop.
ESM3. Replacing electric fermentation motors with others of a higher-efficiency.
The currently manufactured standard motors have a higher efficiency over engines from 20 years ago, but these are outweighed by the so-called high efficiency engines. The replacement of a motor in operation for a high-efficiency one is more attractive in those cases where the current one operates at low load factor and consequently, with low efficiency and low power factor; in this case the replacement should be evaluated with a high-efficiency motor of a lower 66 power than the current one. By these criteria, the parameters substantially improve obtaining attractive energy and economic savings. It is also attractive from the operational point of view to do the replacement when the current motor operates at full capacity or at its service factor. ESM5. Implementation of geothermal energy for air conditioning.
Geothermal heat pumps have a performance up to 5 times higher than that of the heating and sanitary hot water (SHW) traditional production based on fossil fuels or electricity. Their performances are typically higher than 400%, so the savings that can be obtained are interesting, despite the higher cost of installation.
ESM6. Implementation of aerothermal air conditioning.
The installation of aerothermal units, based on heat pumps, allows the capture of the energy in the air for free and to use for heating or chilling an area and/or for the production of hot water needed in an installation. The aerothermal unit uses a heat exchanger of high efficiency to absorb heat from the air and transport it to the indoor unit at low temperature, minimising heat loss. The performances are somewhat lower than in geothermal systems, but the installation cost is also lower.
ESM7. Installation of capacitor batteries.
It arises not as a measure of energy saving but as a measure to reduce or eliminate the penalty in electricity bills for having an excess of reactive energy. Reactive power is caused by the characteristics of the receiving facility. Capacitor batteries save on the electricity bill compensating reactive power and preventing measuring equipment (meters) from recording the kVArh.
c) Measures/Tools for efficient management of energy consumption
The savings deriving from these measures cannot be calculated by simply examining the cost of replacing equipment, but they certainly provide the base for efficient "energy management" of any asset. They are therefore measures or management tools that will generate savings for further information, knowledge and greater control. It is the foundation and one of the first steps in energy efficiency to be applied in any asset.
One should prioritise investment in energy analysers that manage the asset, as they will have a large impact. The same happens with the BMS which would be the "heart/brain" of the facility.
ESM8. Installing energy analysers for consumption monitoring by equipment and uses.
The energy and cost savings are not per unit itself, but for the management capacity it provides. The information provided by energy analysers can quickly detect anomalies and malfunctions of the electrical devices, identify equipment that could be changed by more efficient ones, assess changes of habits and processes (e.g. quantify the energy savings made by harvesting at night), reinforcing acquired habits that save time, among others.
Based on the experience of engineering and consulting firms with extensive experience in the industry, having knowledge about the consumption areas or processes of an installation allows for reductions of up to 30%.
ESM9. Implementation of a Building Management System (BMS) as management and control system.
The new communication technologies allow the implementation of energy management systems and more sophisticated expert systems, which are able to manage large amounts of data and control the facilities. When a management system or an expert system is installed, the objective is to achieve greater efficiency in the facilities, save energy, increase comfort, reduce manpower (maintenance), reduce breakdowns and extend the lifespan of the equipment as main measures. These expert systems are able to control energy consumption by optimising the parameters so that minimal energy cost is obtained, and savings can reach 30%.
The management system is usually based on a computer and management software. However, this tool requires an operator or person in charge to manage the energy process to achieve savings and improvements.
d) Other measures
In addition to the above measures, there are other measures that do not require investment, such as good management practices (focused on the behaviour and habit of use), optimisation of power and the contracted electrical rate or negotiations of price of power supply with the distributors. Some of them do not involve reducing power consumption directly, but do reduce cost. However, these measures will not be analysed in this study.
Assessment of energy efficiency measures
For each proposal of ESM a technical and economic study has been made to determine its feasibility. Tables I and II summarise the main features of the proposals and profitability indicators achieved. In the case of the reference winery, using 10 year old cooling equipment with an estimated EER next to 3 as a starting point, and replacing the chiller with one of greater efficiency (EER of 4.82, according to manufacturer data). This represents an increase in the cooling efficiency coefficient of 64%, generating annual savings in consumption of around 75,000 kWh (22% of total annual electricity consumption). With these values, the payback period would be 4.5 years, which makes this measure attractive to undertake. This action would avoid emitting about 30 t CO 2 per year.
ESM2. Installing variable speed drives in centrifugal pumps.
It is planned to incorporate variable speed drives in existing centrifugal pumps in the reception phase, fermentation and decanting. Assuming average potential savings near 39%, this measure would mean annual savings in the reference winery of around 29,000 kWh/year (8.6% of total annual electricity consumption) with the investment having a payback period of 7.9 years. This action would prevent the emission of 11.5 t CO 2 per year. In the event that a replacement pump for obsolescence arises, the new pumps should have already installed with the variable speed driver.
ESM3. Replacing fermentation electric motors with others with higher-efficiency.
It is proposed to replace the current motors, considered classification IE1 (standard efficiency) of an average efficiency of 85.8% and an average power of 99.33 kW, for other motors classification IE4 (premium efficiency) of 93.6% and an average power of 93.96 kW. Although this action would save electricity consumption of the engines of 5.41%, approximately 6,000 kWh/year (almost 2% of the total annual electricity consumption), the investment would not be profitable in the context studied. The payback would be greater than the useful life of the motors. This is due to the seasonality of production, with few operating hours per year. Therefore, this action would only be recommended to undertake in the renovation plan of the motors when their replacement for obsolescence is provided.
ESM4. Replacing conventional lighting by LED lighting technology.
Replacement of fluorescent lamps in the administration/office management and production facilities for LED lighting technology is proposed. In the reference winery, installing this type of technology means a reduction in lighting electricity consumption of 59%, i.e. 0.2% savings on total consumption. The replacement of current lighting by LED lighting is an interesting measure to be implemented. In the reference winery the payback is 9 years but the investment in LED lighting could be presumed. The recommendation would be the replacement of current lighting by LED lighting technology directly, or replacement of the current lighting when they stop working. However, in other wineries, with high power lamps (such as mercury vapour lamps) and a greater number of operating hours, profitability could be much higher. In any case, it would be an interesting efficiency measure.
ESM5. Implementation of geothermal energy for air conditioning.
In the reference winery, they would only have to heat the office area, achieving savings around 5,705 kWh/year, i.e. a saving of 70% of electricity consumption (nearly 2% of total annual electricity consumption), and stop issuing 2.3 t CO 2 per year. The payback is very high, mainly for the costs of drilling the terrain. The geo-thermal installation would not be profitable in the examined framework. It would be necessary to increase the hours of performance of the installation throughout the year so that the NPV was positive.
In the reference winery, savings would be obtained around 2,445 kWh/year, i.e. a saving of 30% of electricity consumption (almost 1% of the total annual electricity consumption), preventing the emission of 1 t CO 2 per year. The payback would be higher than 10 years.
While geothermal energy uses the heat stored in the interior of the earth, constant in the first meters of the earth's crust; the aerotherm draws the outside air, so it is variable depending on the season of the year. For this, the expected savings are initially higher in geothermal energy than in aerotherm.
Overall for warm areas where the temperature demanded is not very high, such as 35º necessary for area to be conditioning, the aerotherm is a good choice because saving is important and the cost is not very high. But in areas with increased demand and significant temperature variations between summer and winter (as would be the area of the reference winery), geothermal energy is the best option, the costs involved in drilling work by the savings generated they are amortised only by the constant temperature of the ground.
However, both measures would be profitable from the current supply through fossil fuel boiler.
ESM7. Installation of capacitor batteries.
Analysing the data of monthly active and reactive power in the winery, it follows that the power factor of the installation is likely to be improved and not penalised by the power company. The installation of a capacitor battery for the reference winery would have a payback around 3 years and an annual cost savings of 800 € would be generated.
ESM8. Installing energy analysers.
For the reference winery, this action would entail savings in management of 10% of total consumption, about 33,600 kWh/year. It would avoid the emission of 13.4 t CO 2 and the payback would be around 7.5 years.
For the reference winery, the implementation of a BMS would entail approximate savings of 50,400 kWh/year, representing a 15% savings on the total consumption. It would prevent the emission of 20 t CO 2 per year and the investment would be amortised in 9 years.
The technical-economic study of the ESM performed in the reference winery serves as an example of profitability that can be obtained in a real winery. However, a sensitivity analysis has been conducted that complements the study of the particular case, describing the changes in profitability to changes in key parameters, such as investment or annual savings generated ( Figure 5 ). Sensitivity analysis also reveals the thresholds of profitability of different ESM.
Taking as an example the ESM1, the reduction of the annual cash flow should be greater than 70% so that the replacement of cooling equipment was not profitable ( Figure 5 ). Therefore, even in cases where differences of the EER were much lower and annual savings generated were reduced by half, the investment would still be profitable. On the other hand, although the useful life of the equipment was reduced in 10 years for failure, equipment investment would have been profitable ( Figure 5) . Similarly, the new equipment would still be profitable even if its price was double. 
Variações na rentabilidade (NPV/investimento) devido a alterações no investimento, na taxa de juro, na vida útil e no fluxo de caixa.
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CONCLUSIONS
The results show that in the wine making process there are a number of potential measures to be implemented that would help to attain a more efficient management of consumption. These measures generate a reduction of energy consumption and energy costs.
Generally, for any winery, the first steps to consider would be those that directly affect the production process, which is where the energy consumption is concentrated. Among them, the one that would generate greater savings would be replacing cooling equipment in the fermentation stage by other more efficient equipment, representing savings on the total consumption of approximately 20-25%, with some acceptable payback periods between 4 and 5 years.
Installing variable speed drives in centrifugal pumps is also an interesting measure. In this case, although the payback period of the investment is higher than the previous measure, around 8 years, it would save between 8-10% of the total electricity consumption. The replacement of electric motors in the fermentation phase with higher-efficiency is not profitable, since it works relatively few hours a year because of the seasonality of production. Obviously, if it is necessary to replace the equipment because of obsolescence or malfunction, the efficiency criteria should be taken into consideration when choosing a new motor.
Second, the implementation of management and control measures that would lead to a greater knowledge of the facilities (and, therefore, a greater capacity for decision making in terms of energy efficiency measures) are recommended. However, these measures would require human resources to manage the information, since by themselves they would not generate energy savings. On the one hand, the installation of energy analysers is recommended for monitoring consumption by equipment and applications to be aware of what each element and process consumes: consumption patterns can be characterised; the equipment with greater consumption can be identified; a baseline having a history of consumption to detect deviations almost immediately can be defined. On the other hand, it is recommended the implementation of a Building Management System (BMS), capable of controlling the power consumption by optimising the parameters so that a minimum energy cost is obtained. As the automation and instrumentation is increasingly common in industries of various types, it is important to know how make use of these technologies as a tool to achieve greater energy efficiency. Paybacks of both measures are around 8-10 years.
Finally, complementary energy saving measures could be implemented in the production process. Although they would not be the most representative in term of energy consumption, they would help the overall objective of minimising and rationalising consumption. The implementation of geothermal and aerothermal systems for heating and air conditioning and the replacement of conventional lighting by another of LED technology in the different areas would be more interesting the longer as the operating hours are extended and the power level of the equipment in raised.
Although it has not been studied in detail herein, we recommend certain energy efficiency measures to be applied in any sector. The analysis of the implementation of best management practices, the optimisation of power and electricity tariff contracted once implemented energy saving measures and the review of the economic conditions of the electric supply contract are broadly applicable.
